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Materials and Methods
A Digital Instruments Multimode AFM, Nanoscope IIIa AFM controller, and commercially available fluid cell and o-ring were used for all experiments. Silica nitride contact cantilevers (Veeco Metrology) were sputter coated with 1 nm of chromium and then 10 nm of gold, and then hydrophobized according to (S1). Cantilever spring constant was 0.12 N/m, measured according to the method of (S2). The bottom substrate was a nitric acid cleaned glass slide, sputtered coated with 1 nm of chromium and 20 nm of gold and then hydrophobized as above. The droplet was immobilized on the bottom substrate according to the method developed in (S3). The droplet was attached to the cantilever in aqueous solutions of sodium dodecyl sulfate (BDH Laboratory Supplies, SDS) using a step motor controlled syringe (World Precision Instruments, Inc.) injecting nanoliter volumes of n-decane (Aldrich chemical) through a glass capillary (inner diameter ~ 10 µm).
All solutions contained a background electrolyte of 1 mM sodium nitrate. The SDS concentrations were changed in situ where each solution was given 30 minutes to thermally equilibrate before any data were taken. The oil droplets were positioned first using the course stepping motor, and then using the piezo tube fine control. The force curves (an approach and retract force-distance cycle) were taken at a series of scan rates at eight different approach speeds varying from 2 µm/s to 28 µm/s. Force curves were measured between the droplets at SDS concentrations of 0.1, 1.0, 3.0, and 10 mM. At the end of the experiments, the droplets were flushed from the system and force curves between the substrate and cantilever were recorded to determine the detector sensitivity of the AFM photodiode. The undistorted radii of the droplets on the cantilever and the substrate were estimated to be 43 µm ±2 µm and 90 µm ±2µm, respectively, from CCD camera measurements. The AFM photodiode voltage was converted to cantilever deflection using the detector sensitivity determined at the end of the experiment and then converted to force via F k d c = ∆ , where k c is the spring constant of the cantilever. Interfacial tension was measured using the pendent droplet method with a DataPhysics OCA 20 Tensiometer and axisymmetric droplet shape analysis software. The interfacial tension for this system is also well characterized and ranges from 39 mN/m to 8 mN/m(S4). Sessile droplet contact angle measurements of decane droplets on the glass substrate in aqueous surfactant solutions were made using the same system. The contact angle of the droplet on the piezo drive was determined from this macroscopic contact angles, approximately 50 o , whereas the cantilever droplet is treated with a pinned contact line on the sharp edge of the cantilever with a droplet contact angle of approximately 130 o . The model requires that the time scale of the droplet response to deformation must be much faster than the time scale of the approach speed of two droplets (S5) . In addition the hydrodynamic model employs new boundary condition at large r distances derived from the constant volume constraint fop the droplets given (S5) by:
where k c is the cantilever spring constant and G and F i are defined as
where G is an integral over the product of pressure and the interfacial profile and F i is a function of contact angle, θ i , and radii, R i , of each droplet. The numerical calculation of the hydrodynamic drainage model using the above boundary condition employs the methods of lines and the central difference method to construct a system of differential algebraic equations(S5). Fig. S1 . Force profiles the approach and retract velocity is V= 28µm/s and the ionic strength is matched to the 3 mM SDS case for three different starting positions, h 0 = 1.67 µm (solid line), 1.77 µm (dashed line) and 1.87 µm (dash-dot line). The electrostatic double layer surface potential was mV, and the piezo displacement, cantilever spring constant, droplet radii, contact angle and interfacial tension matched the experimental conditions for the 3 mM SDS measurement. 100 − Fig. S2 . Velocity as a function of time at the axial position (solid line) of the droplet and the piezo drive velocity (dashed line) for the approach and retract traces of the force curve for 28 µm/s at an SDS concentration of 10 mM.
